removed an ovary, shown on later microscopic examination to be sterile, from each of three mice which had been bilaterally irradiated at 3 weeks of age. In two of the three animals the mean diameter of the second ovary at autopsy (79 days later) proved to be greater than that of the first ( + 34 and + 61 % respectively), and in the third (removed 34 days later) there was no appreciable difference. The conclusion drawn from these observations was that an X-irradiated and sterile ovary could undergo compensatory hypertrophy.
after the first ovariectomy. None of the ovaries was completely sterile. In three of the animals the weights of the two ovaries were about the same ; in three the weight of the second ovary was less than that of the first ; and in two it was about 30 % greater. Furthermore, in all but one of the animals the number of follicles in the second ovary was estimated to be fewer than in the first. Desaive therefore concluded that compensatory hypertrophy did not occur after X-irradiation, even if steriliza¬ tion was incomplete.
The conflicting nature of these various observations is hardly resolved by reports of the effects of gonadotrophin on the X-irradiated ovary. According to Essenberg [1949] , gonadotrophins can stimulate oogénesis in the mouse after its ovaries have been sterilized by X-irradiation, and it is his view that new oocytes can be generated in such animals from the germinal epithelium. Unfortunately, he does not say how many of his animals failed to respond in this way (some, he says, did not), nor how many of his X-irradiated controls 'regenerated' oocytes without stimulation by gonadotrophin ('regeneration' occurred to a certain extent spontaneously in some of the X-ray controls). In view of the well-founded observation that no 'regeneration' of oocytes is possible after thorough sterilization of the ovary by X-rays [see Lacassagne, 1913] , it is not improbable that the mice used in Essenberg's experiment were more resistant to X-rays than is usual, and that they were incompletely sterilized. In other experiments of the same kind, van Eck-Vermande & Freud [1949] concluded that the irradiated ovary of the mouse responds hardly at all, compared with normal controls, to injected gonadotrophin. Westman [1930] came to the same conclusion in experiments on nineteen X-irradiated mice into which he implanted fragments of fresh anterior pituitary tissue from cows. In earlier experiments, how¬ ever, Parkes [1929] injected a sodium hydroxide extract of the anterior lobe of the pituitary into X-ray-sterilized mice which, at the time of injection, were still showing oestrous changes in the vaginal epithelium. These ceased after the treatment, and at autopsy the ovaries were found to be extensively luteinized ; in some cases the ovary looked as though it had been transformed into a single large corpus luteum.
The experiments reported in the present paper were designed to provide an answer to the question whether compensatory hypertrophy can occur in an ovary that has been effectively sterilized by means of X-irradiation. By 'effectively sterilized' we mean an ovary in which histological examination reveals complete destruction of all oocytes and follicles. These experiments are the third series we have undertaken for this purpose. The first two, which are not reported, were abandoned, mainly because of deaths resulting from the general effects of the radiation, and partly because the dosage of X-rays used proved inadequate to induce sterilization.
MATERIALS AND METHODS
The experiments on compensatory hypertrophy were carried out both on rabbits and mice.
Rabbits
Rabbits from eight litters, belonging to different laboratory strains, were used. When the rabbits were 5 weeks old, they were taken from their mothers and kept in separate cages. They were fed on a composition pellet diet, and given hay and cabbage twice a week, and drinking water ad lib. Rock salt was provided in case the irradiation of the ovaries had affected the adrenals.
X-irradiation. Normal controls. Eighteen normal female mice which were unilaterally ovari¬ ectomized when they were between 4 and 6 months old, were autopsied between 66 and 110 days after the removal of the first ovary.
To determine the individual variation between two ovaries removed at the same time from normal animals, twenty-two normal, non-pregnant females and seven normal pregnant female mice of unknown age were killed, and their ovaries removed and weighed. The number of foetuses in each horn of the uterus was noted.
Histological technique
Wherever possible, the ovaries were weighed before fixing. The ovaries of most of the irradiated rabbits were, however, so fragile that it was impossible to prevent them crumbling when the surrounding fat was dissected away. They were therefore placed straight into Bouin's fluid without weighing.
All tissues were embedded in paraffin and cut serially at 7 µ. About twenty sections of each ovary were stained with Mallory's stain, and the rest with haematoxylin and eosin. Sections of the uterus were stained in the same way.
Measurement of the volume of the ovary
The volumes of the ovaries were estimated by the planimetrie method of Dornfeld, Slater & Scheffé [1942] . The area of every fortieth section of the large rabbit ovaries was measured, and of every twentieth section of the small ovaries. Camera lucida drawings were made of every tenth section of the mouse ovaries.
RESULTS

General effects of irradiation Rabbits
No rabbits died as a direct result of the irradiation, but for about a week after treatment they drank more water than usual. They stood up fairly well to the subsequent unilateral ovariectomy, and at the time of autopsy appeared as active and healthy, but were not quite as heavy, as the controls, the difference apparently being due to a lack of mesenterio fat. All the rabbits which received doses of 1800r and more lost fur over the area of irradiation within 2 or 3 weeks, but within about 4 months the radiation sites appeared normal. At autopsy no sign of any inflam¬ matory reaction was observed in the abdominal cavity.
Mice
Most of the 125 mice which were irradiated in this experiment died. It is well known that mice do not tolerate X-rays as well as do rabbits [Lacassagne & Gricouroff, 1941] . The intensity of X-irradiation to which the mice were subjected in the present experiment was far greater, with the exception of certain observations reported by Lacassagne [1946, 1952] , than in previous experiments in which attempts have been made to bring about ovarian sterilization in this way. This is probably the reason for the high mortality we experienced. High doses had to be resorted to because of our failure in the first two abortive series of experiments, noted on p. 156, to induce sterility with doses of the level used by Parkes [1927] , by Schugt [1928] , and by Murray [1931] . According to the results obtained by these workers [see also Lacassagne & Gricouroff, 1941] , histological sterilization of the mouse ovary can be achieved with about 150r, and a dose of 1800r is incompatible with the survival of the animal. The latter dosage was never reached in our own experiments, but several animals survived after having received 1500r.
Lacassagne also refers to the fact that it is far easier to sterilize a rabbit than a mouse by means of X-rays. He found that total sterilization of the mouse can best be achieved by first removing one ovary, and irradiating its fellow with a narrow beam. This procedure obviates the intestinal damage which is caused as a result of bilateral irradiation. It also makes it possible to subject a mouse to doses of up to 6000r, and Lacassagne reports that one such animal survived for 583 days. These high doses produce complete sterilization and total anoestrus, as is also the case in the rabbit after adequate treatment.
Effects of irradiation of the ovary (1) General
The histological changes induced by irradiation in the ovaries of rabbits and mice have been described by many workers [see Lacassagne, 1913; Brambell & (Tables 2 and 3 ). Histological examination showed that in two of these .animals (nos. 1 and 2; Table 3 ) neither ovary had been sterilized; their weights fell within the range for normal ovaries. In three (nos. 3-5) sterilization was complete on both sides. The ovaries were very small and involuted, and their weight varied between 1 and 2 mg as compared with an average of 4-14 mg for eighteen normal controls (see Table 5 ).
In three animals (nos. 6-8), sterilization was complete in the left ovary, but the right ovary had escaped the full damaging effects of the treatment. In two of these animals (7 and 8) it had undergone considerable hypertrophy (the right ovary being respectively thirteen and seven times heavier than the left : see Table 3 ). In the third the increase was two and a half times. The observation that compensatory hyper¬ trophy occurs in these circumstances confirms earlier findings reported by Lacassagne [1913] and by Brambell & Parkes [1929] .
The condition of the ovaries in the fourteen mice which were unilaterally ovariec¬ tomized is indicated in Table 4 . Apparently healthy oocytes were still present in the ovaries of some mice which received as much as 1500r, whereas none was present in others which received only 300r.
(ii) Normal boterai variation in size of ovary. The greatest difference in weight between the two ovaries of the twenty-two non-pregnant animals referred to on p. 158 was 50%; in more than half the difference was <10%. Actual weights varied between 2-0 and 8-5 mg, the average being 4-3. The weights of the two ovaries removed at the same time from seven pregnant animals were more variable, but, again, the greatest difference was no more than 60 %. Actual weights varied between 3 and 9 mg, the average being 6-5 mg.
(iii) Compensatory hypertrophy in normal mice. Table 5 gives the ovarian weight of eighteen mice whose right ovaries were removed at operation, and the left at autopsy, 2-3 months later. In every instance the left ovary was heavier than the right (mean weight of right ovary 4-1 ± 0-4 mg; of left ovary 9-4 ± 0-4 mg). In thirteen of the eighteen animals the hypertrophied ovary was more than twice as heavy as its control, and in five more than three times. Over the time interval studied (66-110 days), the amount of hypertrophy was apparently not correlated with the period intervening between the removal of the two ovaries. (iv) Compensatory hypertrophy after X-irradiation. In every case shown in Table 4 , the ratio (as percentage) of the size of the second ovary to the first has been deter¬ mined both for weights and volumes. The estimates of ovarian volume for the right ovary of mice 4 and 5 had to be based on the mean diameter of the largest section, as the series proved to be incomplete. No estimate of volume was taken of the left ovary of mouse 13, as the greater mass of the ovary had apparently undergone amyloid degeneration.
In most cases there is a fair agreement between the trend of the estimates for weight and volume. There are a few discrepancies (probably mainly due to the in¬ efficient estimate of the weight of fresh ovaries weighing as a rule not more than about 1 mg), but the same story is told by both sets of figures.
Neither ovary was sterile in four of the fourteen irradiated mice which survived the unilateral ovariectomy for a period of 2 months or more. In these four animals (Table 4: 11-14) the second ovary had undergone compensatory hypertrophy; the ovaries removed at operation weighed between 4 and 5 mg, and those at autopsy between 9 and 17.
In eight mice both ovaries were sterile and greatly involuted, none weighing more than 1-5 mg. In seven of these the second ovary was either about the same weight or fighter than the ovary removed at operation. In the eighth it was half as heavy again, which is the maximum difference observed between the weights of two mouse ovaries removed at the same time.
The second ovary was lighter than the first in each of the two mice diagnosed as ''sterile'. [Lacassagne, 1913; Lacassagne & Gricouroff, 1941] ; guinea-pig [Genther, 1931 ; Schmidt, 1936] ; and rat [Drips & Ford, 1932; Fels, 1935] . The mouse, as Lacassagne found, is no exception. The extensive literature on the subject also shows very clearly that incomplete sterilization is associated with varying degrees of retention of reproductive activity, including, in those cases where damage is not great, fecundity. In the light of all the evidence now available, Parkes's observation of the persistence of oestrous cycles after X-irradiation could be taken as implying that he managed to find a level of X-ray treatment which destroyed the oocytes without seriously disturbing the secretory elements of the ovary. Westman [1930] , who carried out the same kind of experi¬ ment, presumably failed to do so, for he found that even if vaginal cycles did occur in mice after the treatment, they soon stopped.
Since compensatory hypertrophy is due to an increased rate of maturation and luteinization of follicles, the implication of our findings is that the sterilized ovary is no longer able to respond to gonadotrophin. Compensatory hypertrophy does not occur after effective X-irradiation, although the interstitial elements of the ovary may have the microscopic appearance of normal cells, and even when apparently normal granulosa cells are present. This might be regarded as indicating that normal granulosa cells, which are more sensitive to X-irradiation, must be present before the cells of the theca interna luteinize, even if they are normally the first to undergo the transformation to luteal cells. An alternative view is that the intensity of radiation in our experiments was sufficient to damage not only the oocytes and granulosa, which are usually regarded as being derivatives of the germinal line, but also such ovarian interstitial elements as are derived from the mesenchyme of the genital ridge. There is no easy way of testing these two propositions, but it would be worth finding out whether an ovary that has become depleted of its main store of oocytes through age can undergo compensatory hypertrophy ; or alternatively, whether the extent of hypertrophy is greater in young than in old animals. The only information on this subject of which we know derives from some pilot experiments carried out by Wiesner [1932] ; they suggest that compensatory hypertrophy does not occur in rats showing senile changes in the ovary.
